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Chapter 3
Prenatal Doppler ﬂow patterns 
and neonatal circulation in 
fetal growth restriction
Jozien C. Tanis, Maaike R. Boelen, Danique M. Schmitz, Lucia Casarella, 
Michelle E. van der Laan, Arend F. Bos, and Caterina M. Bilardo











Days	1-5,	8,	 and	15	by	near-infrared	 spectroscopy	 (NIRS)	of	 the	 cerebral,	 renal,	 and	
splanchnic	 regions.	The	 following	ratios	were	calculated:	 cerebroplacental	 (CPR),	 i.e.	














cerebrum	 than	 to	 the	 renal	 region.	Based	on	 the	 results	 from	 this	 study,	 it	 could	be	
speculated	that	if	brain	sparing	is	present	in	fetal	circulation,	it	persists	during	the	�irst	
three	days	after	birth.	





















	 Near-infrared	 spectroscopy	 (NIRS),	 a	 light-based	 technology	 used	 to	measure	 the	
status	 of	 tissue	 oxygen,	 is	 a	 non-invasive	method	 to	 study	 neonatal	 hemodynamics.
(14-16)	NIRS	sensors	are	easily	applicable	and	do	not	disturb	the	vulnerable	neonate.	
Therefore,	 particularly	 in	 a	 neonatal	 intensive	 care	 setting,	 it	 is	 preferred	 over,	 for	







	 The	 aim	 of	 this	 study	was	 to	 investigate	whether	 in	 early	 and	 late	 FGR,	 Doppler	
velocimetry	 of	 the	 fetal	 circulation	 are	 associated	 with	 measurements	 of	 neonatal	
circulation.
Methods
A	 prospective	 observational	 cohort	 study	 was	 performed	 between	 June	 2012	 and	
September	 2014	 at	 the	 Department	 of	 Obstetrics	 and	 the	 Fetal	 Medicine	 Unit	 of	
42
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neonatal	characteristics	were	collected	 from	the	 two	departments.	Written	 informed	
parental	consent	was	obtained	in	all	cases.	The	study	was	approved	by	the	hospital’s	
Medical	Board	and	Medical	Research	Ethics	Committee.	
	 We	 de�ined	 FGR	 as	 fetal	 abdominal	 circumference	 or	 estimated	 fetal	weight	 (22)	
below	 the	 10th	 percentile,	 or	 de�lecting	 fetal	 growth	 of	 at	 least	 30	 percentiles	 with	
respect	 to	previous	measurements	 (reduced	growth	according	 to	 the	 fetus’	expected	
growth	potential).	On	average,	prior	to	maternal	admission,	fetal	Doppler	parameters	
were	measured	serially	once	a	week,	and	twice	a	week	for	the	duration	of	admission.	










spectrometer	 (Covidien,	 Mans�ield,	 MA,	 USA).	 NIRS	 is	 a	 non-invasive	 method	 to	
assess	 tissue	oxygen	delivery	and	consumption.	To	measure	NIRS,	we	used	neonatal	
SomaSensors	 (Covidien).	 The	 optical	 sensor	 measures	 the	 quantity	 of	 re�lected	
light	 photons	 as	 a	 function	 of	 two	 wavelengths	 (730	 and	 805	 nm)	 and	 determines	
the	 spectral	 absorption	 of	 the	 underlying	 tissue.	 As	 oxygenated	 and	 deoxygenated	
haemoglobin	 have	 distinct	 absorption	 spectra,	 NIRS	 can	 differentiate	 between	 the	













.	 If	 tissue	 oxygen	
metabolism	is	constant,	FTOE	may	serve	as	an	indicator	of	tissue	perfusion.	More	blood	
�low	 to	a	 tissue	results	 in	a	 lower	FTOE,	whereas	 less	blood	 �low	results	 in	a	higher	
FTOE.	We	used	FTOE	as	a	measure	of	postnatal	tissue	perfusion.	We	then	calculated	the	
cerebrorenal	ratio	(CRR)	and	cerebrosplanchnic	ratio	(CSR)	as	cerebral	FTOE	divided	
by	 renal	 and	 splanchnic	FTOE,	 respectively.	NIRS	 sensors	were	placed	on	 the	 left	 or	
right	 frontoparietal	 side	of	 the	 infant’s	head	depending	on	 the	position	of	 the	 infant	
(cerebral),	on	the	left	lateral	posterior	�lank	(renal),	and	infraumbilical	on	the	central	






























Table 1. Patient characteristics
































Data given as median (min-max), or number (%). 
Abbreviations: FGR - fetal growth restriction, BMI - body mass index, NIRS – near-infrared spectroscopy, GA - 
gestational age, BW - birth weight, NICU – neonatal intensive care unit, RDS - respiratory distress syndrome, 
BPD - brochopulmonary dysplasia, NEC - necrotizing enterocolitis, IVH - intraventricular haemorrhage.
* Stopped smoking after the fi rst trimester of pregnancy or later
** Saturation on Day 1 during NIRS measurement
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Figure 2. Distribution in % of abnormal versus normal CPR and Doppler PI z scores (abnormal in black) of mean 





















the	entire	group	as	well	as	 in	 the	early	and	 late	FGR	subgroups	separately.	However,	











Figure 3A. The course of cerebral FTOE in early and late FGR cases during the fi rst 15 days after birth. Boxplots 
represent median, interquartile ranges, and ranges.
Figure 3B. The course of renal FTOE in early and late FGR cases during the fi rst 15 days after birth. Boxplots 
represent median, interquartile ranges, and ranges.
Figure 3C. The course of splanchnic FTOE in early and late FGR cases during the fi rst 15 days after birth. 
Boxplots represent median, interquartile ranges, and ranges.







Table 2A. Correlation coeffi  cients (rho values) between UA z score and neonatal circulation 








Cerebral	FTOE -.247 -.208 -.354* -.140 -.037 -.357 -.131 .033 -.232
Renal	FTOE .454# .312 .406* .137 .268 .223 .345 .156 -.009
Splanchnic	FTOE .382* .001 .288 .723* -.322 -.433 .269 .021 .329
CRR -.517† -.465# -.563† -.316 -.294 -.518* -.491* -.215 -.182
CSR -.395* -.067 -.440* -.758* .212 -.500 -.318 .069 -.453
*P < .05  # P < .01 † P < .001. UA - umbilical artery, FGR - fetal growth restriction, FTOE - fractional tissue oxygen 
extraction, CRR - cerebrorenal ratio, CSR - cerebrosplanchnic ratio.
Table 2B. Correlation coeffi  cients (rho values) between MCA z score and neonatal circulation








Cerebral	FTOE .159 .469# .331 -.026 .222 .103 .072 .311 .309
Renal	FTOE -.332* -.060 -.375* -.137 .141 -.230 .194 .254 -.112
Splanchnic	FTOE -.238 -.248 -.202 -.517 -.301 .405 .057 -.090 -.168
CRR .456# .416# .504# .233 .098 .162 .039 .060 .297
CSR .169 .443* .435* .283 .733* .333 -.057 .155 .282
* P < .05  # P < .01 † P < .001. MCA - middle cerebral artery, FGR - fetal growth restriction, FTOE - fractional tissue 
oxygen extraction, CRR - cerebrorenal ratio, CSR - cerebrosplanchnic ratio.
Table 2C. Correlation coeffi  cients (rho values) between CPR and neonatal circulation








Cerebral	FTOE .154 .285 .339 .107 .149 .261 -.054 .051 .150
Renal	FTOE -.336* -.139 -.397* -.192 -.077 -.366 -.033 .231 -.174
Splanchnic	FTOE -.242 -.002 -.064 -.700* .368 .357 -.001 -.053 -.255
CRR .474# .398* .551# .421 .223 .460 .260 -.017 .263
CSR .154 .131 .289 .667 .067 .500 -.069 -.028 .265
*P < .05  # P < .01 † P < .001. CPR - cerebroplacental ratio, FGR - fetal growth restriction, FTOE - fractional tissue 
















associated	 with	 low	 cerebral	 FTOE	 and	 high	 renal	 FTOE,	 and	 negatively	 associated	













postnatal	 day	where	MCA	 and	 cerebral	 FTOE	were	 not	 associated.	 Previous	 studies	
reported	a	lack	of	increase	in	left	ventricular	output	in	SGA	infants	the	�irst	days	after	






	 Brain	 sparing	 is	 not	 as	 protective	 as	 previously	 thought,	 but	might	 contribute	 to	
neurological	de�icits.(33)	More	recent	studies	report	that	FGR	fetuses	with	an	abnormal	
MCA	PI	are	at	risk	of	abnormal	neurological	maturation	or	subtle	neurodevelopmental	














seem	 to	 be	mainly	 determined	 by	 the	 early	 FGR	 group.	 Correlations	 (R	 values)	were	




















	 This	 study	 has	 several	 strengths	 and	 limitations.	We	 performed	NIRS	 at	multiple	
sites	and	during	the	�irst	two	weeks	after	birth,	which	implies	a	very	extensive	neonatal	
follow-up.	We	 also	 recognize	 some	 limitations.	 Associations	were	 found	 in	 the	 total	
group,	but	 they	 lost	 signi�icance	when	 the	early	 and	 late	FGR	groups	were	analyzed	
separately.	This	may	be	due	 to	 the	small	 sample	sizes	of	 the	subgroups.	We	also	did	
not	 include	 a	 control	 group,	 as	Doppler	measurements	 and	NIRS	 are	not	performed	
routinely	as	part	of	the	standard	care	of	healthy	fetuses	and	infants.	Another	limitation	
is	the	unknown	duration	of	brain	sparing	before	birth.	We	only	included	the	last	Doppler	
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